ABSTRACT Our objective was to evaluate the efficacy of a standardised work-up in the diagnosis of pleural tuberculosis (TB) that included fibreoptic bronchoscopy and medical thoracoscopy.
Introduction
The World Health Organization (WHO) Global Tuberculosis Report 2016 gives an estimated 10.4 million incident cases of tuberculosis (TB) worldwide in 2015 with 1.8 million deaths, an estimated 250 000 deaths being from multidrug-resistant (MDR)-TB (a high proportion compared with the 480 000 incident cases of MDR-TB) [1] .
Pleural TB frequency depends on the prevalence of TB and HIV infections in the population; it can affect 4-5% of infected patients in countries with a high prevalence of TB and up to 30% of HIV-positive patients [2] [3] [4] [5] . The prevalence of pleural TB in western countries is not well known.
Pleural TB may be unsuspected altogether or its diagnosis may be missed if based exclusively on a positive pleural fluid culture [6, 7] . Pleural TB is typically paucibacillary, being mostly the expression of a post-primary infection that follows the rupture of a subpleural caseous focus into the pleura. Delayed hypersensitivity rather than bacillary proliferation is the greatest contributor to the pathogenesis of the effusion [8] .
In the present study, we reviewed our experience in the diagnosis of pleural TB using a standardised work-up protocol that employs fibreoptic bronchoscopy and medical thoracoscopy, and we were able to show that pleural biopsy greatly increases the diagnostic accuracy of TB infection.
Materials and methods

Study base
We evaluated retrospectively all patients with pleural effusion who received a final diagnosis of pleural TB observed over the period January 1, 2001 to December 31, 2015 at the University Hospital of Parma (Parma, Italy).
The inclusion criteria were a definitive diagnosis of TB pleuritis obtained by Mycobacterium tuberculosis identification in pleural fluid, sputum, bronchoscopic samples, pleural fibrin and pleural biopsies by Kinyoun and auramine stain, culture and/or TB nucleic acid amplification test (NAAT), or by evidence of granulomatous inflammation compatible with TB at pathological examination of pleural biopsies. The protocol of the study was approved by the Ethics Committee of the University Hospital of Parma (3448; October 6, 2016).
Standardised work-up for TB pleuritis diagnosis All patients with a pleural effusion associated with fever or with clinically suspected infectious aetiology underwent a standardised work-up (figure 1) that included: peripheral blood tests, standard radiographic imaging (computed tomography (CT) scans were performed only in patients with suspected parenchymal lesions), thoracocentesis (for total proteins, lactate dehydrogenase, cholesterol, glucose, microbiology and cytology with a differential cell count; pleural fluid was considered an exudate if the fluid met Light's criteria [9] ) and tuberculin skin tests with 5 tuberculin units of purified protein derivative (the QuantiFERON test was performed in selected patients). If parenchymal involvement was detected, a fibreoptic bronchoscopy was performed and bronchial washings or bronchoalveolar lavage (BAL) were taken for microbiology; in cases with enlarged hilo-mediastinal nodes, transbronchial needle aspiration was performed. Sputum was collected in all patients able to produce sputum spontaneously. HIV infection was tested whenever clinically indicated. The patients underwent medical thoracoscopy under local anaesthesia or sedation in accordance with the technique described by various authors and parietal pleura biopsies were obtained [10, 11] . We performed seven to 10 pleural biopsies in each patient; two or three of them were sent for culture and those remaining were sent for histopathology.
Microbiological investigations
All the specimens for microbiological study were stained with Kinyoun and auramine stain, and cultured on both solid (Löwenstein-Jensen; bioMérieux, Marcy l'Etoile, France) and liquid (Bactec MGIT semiautomated system; Becton Dickinson, Sparks, MD, USA) media. In some cases, a TB NAAT was also performed (Probe Tec ET M. tuberculosis complex; Becton Dickinson).
The culture-positive specimens were tested by molecular methods to distinguish M. tuberculosis complex from other nontuberculous mycobacteria and to verify their genetic resistance to rifampicin and isoniazid, and also by in vitro antimicrobial susceptibility testing.
Histological investigations
Pleural biopsies for histology were fixed in 10% buffered formalin, paraffin embedded, and routinely stained with haematoxylin/eosin, Giemsa, periodic acid-Schiff, Grocott and Ziehl-Neelsen stains.
In order to minimise the risk of exposure to M. tuberculosis of healthcare workers and other patients, various precautions are adopted in our thoracic endoscopy service in accordance with international guidelines [12] .
Statistical analysis
Comparisons between groups were calculated using the Chi-squared test or Fisher's exact test as required. All tests were two-sided; significance was for p-values <0.05.
Results
Patients and symptoms 52 patients met the inclusion criteria: 20 females (nine non-EU citizens), mean (range) age 39.7 (18-74) years, and 32 males (19 non-EU citizens), mean (range) age 45.75 (21-83) years. Figure 2 shows the distribution of patients according to age and country of origin. The majority of patients (28 out of 52 (53.8%)) were non-EU citizens coming from areas with a high prevalence of TB such as India, Africa, Eastern Europe or South America; three were pregnant (one Italian, one Indian and one from Eastern Europe), two were HIV-infected and three were alcoholic patients.
Patients presented with an acute (n=45) or subacute (n=7) clinical picture characterised by fever (n=48), chest pain (n=45), cough (n=41) or dyspnoea (n=24). The tuberculin skin test was performed in 38 patients ( positive in 31 patients (81.6%)) and the QuantiFERON test was performed in nine patients ( positive in five patients (55%)).
Chest imaging
On chest radiography, 27 patients had left pleural effusion, 23 patients had right pleural effusion and two patients had bilateral pleural effusions. 18 patients with parenchymal lesions were further studied with CT. They showed nodules (11 patients) of different size that were bilateral in three patients (figure 3), and cavities (four patients) and infiltrates (two patients). Two patients had mediastinal lymphadenopathy, one associated with lung nodules.
Pleural fluid, bronchoscopic and thoracoscopic specimens Pleural fluid was always an exudate. Seven patients had a bloody effusion, the exudate was turbid in four patients, purulent in two patients and yellow in the remaining patients. The effusion was considered lymphocytic when lymphocytes represented >50% of the cells [13] . All patients except one (n=51) had a lymphocytic effusion and in 44 out of 51 patients (86%) the lymphocyte fraction was >85%.
Fibreoptic bronchoscopy was performed in all patients with lung lesions (18 patients) to obtain bronchial washings or BAL at the site of lesions. It was also carried out in nine out of 34 patients without lung lesions because of the presence of secretions.
Medical thoracoscopy was performed on 46 out of 52 patients (88%) without complications. Six patients did not undergo thoracoscopy because a TB diagnosis was obtained on bronchoscopic samples or pleural fluid: four patients with lung lesions (n=1 acid-fast bacilli (AFB) stain, n=2 TB NAAT, and n=1 AFB stain and TB NAAT) and two patients without lung lesions (n=1 AFB stain and n=1 TB NAAT). Two additional patients without lung lesions had TB NAAT-positive pleural fluid; both were non-EU citizens, and therefore a thoracoscopy was performed to obtain pleural samples for histology and culture before the microbiological tests on the fluid were completed.
The most frequent endoscopic picture at thoracoscopy, seen in 26 out of 46 patients (56.5%), was the presence of small nodules on the parietal pleura (figure 4). Nonspecific features such as hyperaemia, thickening of the parietal pleura and adhesions were also frequently observed. The histology was compatible with TB in all patients with pleural biopsy. 
Microbiological investigations Patients without lung lesions
The results obtained by microbiological investigations for the 34 patients without lung lesions are shown in table 1.
Pleural fluids were tested in all 34 patients; sputum was also tested in three patients and in bronchoscopic specimens in nine patients. Thoracoscopy was performed in 32 out of 34 patients: one 18-year-old girl, whose pleural fluid was TB NAAT-positive, and another patient with AFB-positive smear and a positive NAAT, refused the procedure. Thoracoscopy was performed in two patients with NAAT-positive pleural fluid because they were non-EU citizens and a MDR mycobacterial infection was suspected, requiring M. tuberculosis isolation.
Cultures yielded higher diagnostic rates than stains and/or TB NAATs in all types of sample. The most informative specimens for culture were pleural biopsies (22 out of 32 (68.7%)) and pleural fibrin (nine out of 19 patients (47%)) ( p<0.001); one patient was positive only for fibrin, hence the overall diagnostic yield of thoracoscopy was 71.8% (23 out of 32 patients). Pleural fluid culture was positive in seven out of 34 patients (20.5%). No positive result was obtained in spontaneously collected sputum (three patients) and in bronchoscopic specimens (nine patients). Table 2 shows the results of microbiological investigation for the 18 patients with lung lesions. There were three out of 13 TB NAAT-positive pleural fluid samples, no AFB-positive smears and two out of 18 patients had positive cultures (11.1%). Sputum culture was positive for two out of 11 patients (18.1%) who also had positive culture in bronchoscopic samples. All patients underwent fibreoptic bronchoscopy; AFB-positive smears were obtained in two patients, positive TB NAATs in five patients and culture-positive bronchoscopic specimens in nine patients (50%). The nine positive cultures were obtained in four patients with cavities and in five patients with nodules.
Patients with lung lesions
Thoracoscopy was performed in 14 out of 18 patients; four patients were omitted because of AFB-positive smear at bronchoscopy (two patients) and positive TB NAATs in bronchial specimens (two patients), followed by positive cultures on bronchial specimens. Three additional non-EU patients were TB NAAT-positive on fluid, but thoracoscopy was performed for the reasons specified earlier. Cultures on pleural biopsy were positive in seven out of 14 (50%) patients; there were two positive cultures on pleural fibrin. In the 14 patients tested by thoracoscopy specimens and other procedures, the diagnosis was achieved by culture of bronchial washings (three patients), of thoracoscopic specimens (five patients), culture of both (two patients), TB NAAT in pleural fluid (one patient) and histology (three patients).
Considering all patients, cultures were positive in nine out of 52 (17.3%) pleural fluids and in 30 out of 46 (65.2%) thoracoscopic specimens ( pleural biopsy and fibrin) ( p<0.0001). Drug susceptibility testing identified four resistant M. tuberculosis strains among the 28 non-EU patients (14.2%). There were two isoniazid-resistant strains, one rifampicin-resistant strain and one MDR-TB strain.
If the results of the microbiological tests were considered excluding those performed on thoracoscopy specimens (table 3) 
Discussion
Italy is a country with a low prevalence of TB, but in recent decades it has faced significant migratory pressure [1] . Accordingly, the majority of patients with pleural TB observed in the present study (28 out of 52 patients (53.8%)) were non-EU citizens coming from countries with a high TB prevalence. MDR-TB and extensively drug-resistant TB strains are prevalent in these geographical areas, and they represent a challenge for TB control. Thus, there is a specific need to identify MDR-TB by a definitive diagnosis of the infection that includes microbial culture and testing of drug susceptibility.
The gold standard for a diagnosis of pleural TB is the isolation of M. tuberculosis from biological samples; in its absence, a diagnosis can be achieved by histology of pleural tissue [6, 14] .
Our results clearly show that microbiological investigations on pleural fluid yield a diagnosis of TB in a limited number of cases. Only one out of 52 patients had an AFB-positive smear and positive cultures were obtained in nine out of 52 patients (17.3%). The diagnostic yield of pleural fluid has been reported to be highly variable, ranging from 7% to 58% [2, 6, 7, 14, 15] . A positive TB NAAT was obtained in only nine patients on pleural fluid, bronchial specimens or both and it was not considered conclusive for a definitive diagnosis. The test had a high positive predictive value (100%) but a low sensitivity: 18.6% (eight out of 43 patients) in pleural fluid and 27.7% (five out of 18 patients) in bronchial specimens. These results are not unexpected as the value of the NAAT on extrapulmonary specimens is controversial [16] . All four resistant M. tuberculosis infections in non-EU patients would have been missed by the TB NAAT alone.
The WHO has recently recommended the use in all settings of a next-generation Xpert MTB/RIF assay (Xpert MTB/RIF Ultra) that has a limit of detection of 16 CFU·mL -1 (compared with 114 CFU·mL -1 for Xpert MTB/RIF). The assay showed increased detection of M. tuberculosis in smear-negative culture-positive specimens, paediatric specimens, extrapulmonary specimens and HIV-positive individuals whose infections are frequently paucibacillary. A new generation of molecular assays might impact the accuracy profile of current diagnostic approaches, although this most likely applies to areas of high TB prevalence where therapeutic decisions are taken without invasive diagnostic techniques [17] .
We found that the exudative effusions were lymphocytic predominant (⩾50%) in 51 out of 52 patients [13, 18] , but this finding is not specific as lymphocyte-predominant effusions can be seen in malignancy, congestive heart failure, chylothorax, lymphoma, yellow nail syndrome, chronic rheumatoid pleurisy, sarcoidosis and post-coronary artery bypass graft effusions [19] [20] [21] . One patient had a neutrophilic effusion early in the clinical course with a shift after 2 weeks towards lymphocytosis [22] [23] [24] ; interestingly, the patient had no lung lesions and had positive cultures on pleural fluid. It has been reported that it is easier to find a positive culture in neutrophilic than in lymphocytic effusions (50% versus 10%) [25] .
It is clinically useful to separate patients with pleural TB into those with (18 out of 52 patients (34.6%)) and without (34 out of 52 patients (65.4%)) parenchymal involvement. The reported prevalence of pulmonary parenchymal TB on CT is variable and differs among studies, ranging from 18.9% to 86% [3, 13, [26] [27] [28] [29] . An unexpected pulmonary involvement can sometimes be found in extrapulmonary TB patients [30] and CT imaging is an important complement to the clinical work-up.
The involvement of the lung warrants the search for M. tuberculosis in sputum, preferably with sputum induction [7] . In patients with lung lesions, we collected sputum for bacteriology when present spontaneously (11 out of 18 patients) and we also performed fibreoptic bronchoscopy (18 out of 18 patients). However, there were only two out of 11 (18%) positive cultures on sputum. Fibreoptic bronchoscopy can also be useful in patients with lung lesions; a bronchial washing or a BAL can be obtained at the site of lesions when secretions are present. In these specimens, two AFB-positive smears, five positive TB NAATs and nine out of 18 (50%) positive cultures were obtained. Conversely, in patients without lung lesions, sputum and fibreoptic bronchoscopy were always negative. This supports the American Thoracic Society statement [31] that in the absence of concurrent pulmonary lesions, a diagnosis of pleural TB requires thoracocentesis and, usually, pleural biopsy.
Overall, a medical thoracoscopy was performed in 46 patients and all procedures were diagnostic. All biopsies had a histology compatible with TB and cultures of biopsies were positive in 29 out of 46 cases (63%), in agreement with the results obtained by other authors [6] . Percutaneous needle biopsy with a Cope or Abrams needle still has a role because of its high diagnostic yield; however, since 1986, we have adopted medical thoracoscopy as the best diagnostic procedure. With thoracoscopy within 2 days, a diagnosis could be obtained by histology (23 out of 38 patients (60.5%)) and the TB NAAT (19 out of 25 patients (76%)), and subsequently with culture (29 out of 46 patients (63%)), with a higher yield compared with other procedures. Waiting for the result of the pleural fluid culture is impractical as the sensitivity is low and the results are obtained with delay.
The main message of this study is that if thoracoscopy had not been performed, a diagnosis of pleural TB would have been achieved in 15 out of 52 patients (28.8%) and in four of them only with the culture after 30-40 days (table 3) . Spontaneous resolution of pleural TB is a well-known phenomenon [32] , but 65% of patients may progress to pulmonary or extrapulmonary TB within 5 years [33, 34] . The usefulness of medical thoracoscopy for the diagnosis and treatment of pleural TB has been previously reported [35] . It is important to emphasise that medical thoracoscopy is minimally invasive and can be done under local anaesthesia [36] .
Other diagnostic tests such as adenosine deaminase (ADA), interferon (IFN)-γ, interleukin-2, tumour necrosis factor-α, NAATs and IFN-γ release assays are used to diagnose TB pleural effusion [37] , but they are only suggestive of the diagnosis, do not identify resistant mycobacteria and cannot guide the therapy. Recently, new-generation assays have been developed that seem to have improved sensitivity in TB detection in patients with extrapulmonary TB [17] . A lymphocyte-prominent exudative effusion with an ADA level >40 IU in settings with a high TB prevalence is considered diagnostic for pleural TB [6] . However, in areas with a low TB prevalence, the positive predictive value of the test is 50% and this limits its clinical usefulness [13] . Thus, increased ADA levels should not be equated to M. tuberculosis isolation in pleural fluid or biopsy specimens [38] . In the presence of a suspicion of pleural TB, every diagnostic method should be used to achieve the diagnosis and empiric therapy is not justified.
The study is biased by a retrospective design and a long period of accrual due to the rarity of the disease. The lack of a true control group does not allow for a direct assessment of the sensitivity of our approach that is inferred ex-post. These arguments call for caution in the conclusions, which need to be confirmed by prospective observations and in different settings. The study is representative of the epidemiological and healthcare scenario of a tertiary hospital in a developed country where TB is not prevalent and where access to diagnostic procedures is widespread. Its conclusions cannot be easily transferred to other settings such as small health centres in developing countries where invasive procedures, although easily manageable like medical thoracoscopy, are not recommended unless emergency surgical facilities are available. Nonetheless, medical thoracoscopy definitely sets a standard for the diagnosis of pleural TB that will be useful to test the efficacy of new biomarkers on blood or fluid for a rapid, noninvasive diagnosis in developing countries.
Conclusions
The present results support a diagnostic work-up of pleural TB that includes all the diagnostic methods of interventional pulmonology: thoracocentesis, bronchoscopy (when lung lesions are present) and medical thoracoscopy. In the majority of patients with tuberculous pleural effusion, the correct diagnosis can be reached only with the pleural biopsy: tissue is the issue.
